Introduction
============

It is estimated that more than 1,800 babies worldwide contract human immunodeficiency virus (HIV) from their mothers every day. Many of these cases occur in Africa[@B1],[@B2]. The probability of infection from mothers who do not receive treatment is higher in Africa (25%-52%) than the United States (US) or Europe (12%-30%)[@B3]. HIV progresses more rapidly in babies, with approximately one-quarter of newborns dying within 1 year and two-thirds within 2 years after birth. In addition, since babies present with many initial symptoms as well as nonspecific symptoms, HIV infection is quite different in babies compared to adults[@B4]. Accordingly, since there are many cases in which there is no prevention for mother-to-child transmission, HIV in newborn babies is diagnosed late; the rapid progress of the disease can lead to death. Therefore, prompt diagnosis and preventive measures are critical. The pediatric acquired immune deficiency syndrome (AIDS) clinical trial group 076 was established in the US in 1994 and uses a 3-step preventive chemotherapy: zidovudine administration to mothers starting from the 14th week of pregnancy, zidovudine intravenous injection during delivery, and administration of zidovudine syrup to the newborn for 6 weeks after birth. The level of mother-to-child HIV transmission in the administration group was 8.3% vs. 25.5% in the control group (a 68% difference)[@B5]. In addition, by reducing the time the baby is exposed to mother\'s body fluids owing to Caesarian section and by prohibiting breastfeeding, which is another a route of mother-to-child HIV transmission, the infection rate decreased to less than 1%[@B6]. However, although the 3-step prevention significantly lowers the probability of mother-to-child HIV transmission, pregnancies of mothers with HIV are still considered high risk; this is not only because of HIV itself, but also because the risks of preterm birth, low birth weight, and infant mortality due to the administration of antiretroviral drugs have not yet been eliminated[@B7].

This study aimed to investigate the mother-to-child HIV transmission with zidovudine prevention therapy, Caesarian section, and prohibiting breastfeeding. In addition, this study also described the characteristics of mothers who were diagnosed with HIV and received preventive treatment and their babies\' characteristics.

Materials and methods
=====================

1. Study subjects
-----------------

The study subjects included 9 pediatric patients born from HIV-positive mothers at Korea University Ansan Hospital, between March 1, 2003 and May 31, 2013. Mothers were diagnosed with HIV on the basis of positive test results for HIV antibodies and Western blot during prenatal or preoperative tests in other hospitals and were referred to the Department of Infectious Diseases for treatment and counseling. No mothers had a history of smoking, drinking alcohol, or using medication during pregnancy. The method included a retrospective analysis of medical records of the mother-newborn dyads, including the mother\'s age; HIV diagnosis date; CD4+ count; HIV RNA copy numbers at the time of the first hospital visit, and first and third trimesters of pregnancy; presence of syphilis, hepatitis, or other associated diseases; history of antiretroviral therapy; type of medicine used in antiretroviral therapy and administration period; blood test results during delivery and obstetrical history; and anthropometry and blood test results of the child at birth, growth, and development as well as administered drugs. The number of HIV RNA copy and HIV antigen/antibody test results for children were analyzed within 48 hours after birth, 1-2 months, 3-6 months, and after 7 months.

2. Methods
----------

### 1) Definitions

The number of weeks of pregnancy was determined on the basis of the menstrual calendar and uterine fundal height through ultrasound examinations at the Department of Obstetrics and Gynecology. A birth earlier than 37 weeks was considered preterm, and birth weight lower than 2,500 g was considered low birth weight. The study was performed 4 hours before and after amniorrhexis. Height below the 5th percentile was considered a follow-up growth delay. Babies with a body weight below the 10th percentile for their age were considered small for gestational age. If HIV polymerase chain reaction (PCR) results were negative 3 consecutive times within 6 months, the newborn was considered HIV negative.

### 2) HIV RNA PCR

Before July 2009, the plasma HIV RNA of newborns was tested through the Korea Centers for Disease Control and Prevention. Thereafter, the tests were performed directly by the hospital. The copy number of HIV RNA in mothers and newborns were estimated using a quantitative PCR assay (AmplicorHIV-1 Monitor Test, Roche Diagnostic Systems, Branchburg, NJ, USA).

### 3) CD4+ count

The absolute CD4+ counts at the time of the mothers\' hospital visit, and first and third trimesters of pregnancy were determined by a flowcytometer (Cytomics FC 500, Beckman Coulter, Fullerton, CA, USA) that uses monoclonal antibodies to calculate the total number of leukocytes and numbers of each type of lymphocyte.

### 4) HIV antigen/antibody

HIV antibody tests were using a chemiluminescent microparticle immunoassay (Abbott Architech i2000, Abbott Laboratories, Lake Forest, IL, USA) using the HIV Ag/Ab Combo (Abbott Laboratories, Sligo, Ireland) reagent.

Results
=======

1. Characteristics of mothers
-----------------------------

During the study period, 8 HIV-positive mothers gave birth to a total of 9 children. For 2 out of 9 children, follow-up was discontinued after release from the hospital. All 8 mothers were foreigners originally from other countries including Vietnam, Thailand, Myanmar, South Africa, Nigeria, Ghana, and Côte d\'Ivoire. At the time of childbirth, 4 out of 8 mothers (50%) were aged under 30 years, while 4 (50%) were aged over 30 years; the average was 32 years, ranging from 23-38 years. Two out of 8 mothers did not receive prenatal care, while 6 received prenatal care at our hospital-2 of them after 27 weeks of pregnancy (i.e., 27 weeks 4 days and 30 weeks 4 days, respectively) ([Table 1](#T1){ref-type="table"}).

2. HIV diagnosis of mothers, viral load, CD4+ count, and highly active antiretroviral therapy
---------------------------------------------------------------------------------------------

Six mothers (75%) were diagnosed with HIV on the basis of their prenatal test results. One of the remaining 2 mothers was diagnosed on the basis of a test performed before surgery for cyst removal from the skin of the buttocks and received HIV treatment at out hospital prior to pregnancy. Another mother was already aware of the diagnosis in her home country but received irregular antiretroviral treatment and did not receive treatment after entering the Republic of Korea. All 8 mothers were administered antiretroviral drugs immediately after visiting our hospital. The period of administration ranged from 1 day before delivery to starting before pregnancy, with an average of 14 weeks. One of the mothers (12.5%) was administered antiretroviral treatment before pregnancy, and 3 were administered the drugs from the second trimester (37.5%). Meanwhile, 4 mothers (50%) started treatment after 27 weeks of pregnancy (defined as late diagnosis hereafter). Three mothers (37.5%) received only zidovudine and lamivudine, which are nucleotide reverse transcriptase inhibitors (NRTIs); one of them was receiving nelfinavir, a protease inhibitor (PI), but her hemoglobin according to the blood count dropped from 11.2 to 8.4 g/dL, indicating anemia. Therefore, at 25 weeks, nelfinavir was discontinued and she received only NRTI medication. The other 5 mothers (62.5%) were administered highly active antiretroviral therapy that included zidovudine, lamivudine, and PI. Two of the 8 mothers had coinfection caused by syphilis and hepatitis C virus ([Table 2](#T2){ref-type="table"}).

The average CD4+ count and HIV viral load of the mothers at the time of their hospital visits were 325/µL (92-729/µL) and at 2,320 HIV RNA (undetectable up to 115,280 copies/mL), respectively. For 5 mothers, viral load was confirmed before delivery and remained below 1,000 copies/mL (undetectable up to 187 copies/mL). Two mothers who did not receive prenatal care had low viral loads directly before delivery (220 and 390 copies/mL, respectively). The viral load of the remaining mother 1 month before delivery was high (2,320 copies/mL) ([Table 3](#T3){ref-type="table"}).

3. Preventive measures against mother-to-child transmission
-----------------------------------------------------------

All 8 mothers received antiretroviral therapy including zidovudine prior to delivery. All 9 newborns were delivered via Caesarian section. Two newborns (22.2%) experienced early rupture of membranes; in one, this lasted over 50 hours, and another emergency Caesarian section was performed within 3 hours after membrane rupture in the other. Seven newborns were delivered via scheduled Caesarian section. Four out of 9 newborns (44.4%) received intravenous zidovudine during delivery. The remaining newborns did not receive zidovudine during delivery because it was not available in Korea until 2007. All newborns were administered zidovudine syrup at 2 mg/kg every 6 hours for 6 weeks after birth and were not breastfed by their mothers.

4. Characteristics of babies
----------------------------

Two babies were preterm at 31 weeks 5 days (22.2%), and 7 babies (77.7%) were full-term born after 37 weeks of pregnancy. The average number of weeks was 37 weeks 5 days (31 weeks 5 days to 39 weeks). Three out of 9 babies (33.3%) had low birth weight; 2 of them (22.2%) were born preterm, and 1 (11.1%) was small for gestational age. The average birth weight of all babies was 2,800 g (1,728-3,400 g). All babies but one had average Apgar scores of 8±0.5 and 9.5±0.5 at 1 and 5 minutes, respectively. The remaining baby had Apgar scores of 4 and 7 at 1 and 5 minutes, respectively; it exhibited respiratory distress syndrome and required mechanical ventilation. Since congenital syphilis was suspected in the newborn whose mother was diagnosed with syphilis during prenatal care, the newborn was administered penicillin intravenously for 10 days. Pediatric patients were further monitored through the outpatient department of our hospital; except for one, none had special growth or development problems. One baby had congenital ptosis, ventricular septal defect, and growth failure and was monitored through the outpatient department ([Table 4](#T4){ref-type="table"}).

5. Percentage of mother-to-child HIV transmission
-------------------------------------------------

The HIV antigen, HIV reverse transcription-PCR, and HIV antibody tests were performed for all babies within 24 hours after birth as well as from 1-2, 3-6, and 7-12 months. Besides 2 babies (22.2%), who either returned to their home countries or for whom follow-up documents could not be retrieved from other hospitals, all babies (7, 77.7%) tested negative for HIV.

Discussion
==========

This study demonstrated that it is possible to substantially prevent HIV transmission from HIV-positive mothers to their babies by preventing intrauterine transmission through administering antiretroviral drugs to the mother, decreasing the risk of transmission during birth by performing elective Caesarian section, and encouraging giving up breastfeeding to decrease the spread of HIV through breast milk. The follow-up observation based on babies\' development and blood test results show that most newborns exhibited no specific deviations in blood test results or developmental impairments. Encouraging antiretroviral therapy and preventing early membrane rupture through scheduled Caesarian section considerably decreased the HIV transmission level to children from mothers, who at the time of their first hospital visit had different HIV viral loads and CD4+ lymphocyte counts and in some cases had other accompanying diseases.

According to American statistics, between 1985 and 1998, the percentage of HIV infection in women among all cases increased from 7% to 23%, which in turn led to more infected pregnant women. Between 1993 and 1997, up to 15,000 babies born to HIV-infected mothers were themselves infected[@B8]. According to the reports of the Korea National Institute of Health, in April 2003 and 2005, 2 and 5 babies were infected via mother-to-child transmission, respectively; a total of 7cases of mother-to-child HIV transmission in Korea were reported between 1985 and 2011[@B9]. In addition, 58% of women with infection were in their 20s to 40s. The continuing development of drug treatments will increase lifespan and improve quality of life. Therefore, the number of infected pregnant women is expected to increase, which in turn will result in the gradual increase of the number of newborns infected with HIV via mother-to-child transmission.

In the US, HIV infection in children occurs via mother-to-child transmission, transfusion, and the transfusion of clotting factor in 81%, 11%, and 5% of cases, respectively. Meanwhile, according to Korean data, 81% of children with HIV were infected via mother-to-child transmission and more than 80% of children with AIDS are under 5 years of age[@B9],[@B10],[@B11]. Accordingly, the mother-to-child route of transmission is the most common route of HIV transmission in small children and the main reason why pediatric patients worldwide contract AIDS. Mother-to-child HIV transmission can occur inside the uterus, during delivery, or through breast milk. In 30%-50% of cases, transmission occurs at the end of pregnancy, immediately before labor starts and immediately before the separation of the placenta. In approximately 30% of cases, transmission occurs after the desquamation of the placenta, when the baby is passing through the birth canal[@B12]. There is a 40% risk of infection when consuming contaminated breast milk[@B13]. Preventive measures according to the Pediatric AIDS Clinical Trials Group (PACTG) protocol 076 test are reported to reduce the risk of infection by 70%, lowering the risk of mother-to-child transmission to 2%[@B5].

Thus, it is possible to prevent more than two-thirds of mother-to-child transmission with appropriate preventive measures. The most important factor is early discovery through screening. Another study shows that antiretroviral treatment during pregnancy, labor, and delivery as well as administration of drugs to the newborn and scheduled Caesarian delivery, it is possible to decrease perinatal HIV transmission to less than 2% for mothers with high viral load (i.e., \>1,000 copies/mL). It is reported that even if antiretroviral treatment is started only during labor and delivery, it is possible to decrease the risk of transmission to 10%[@B14],[@B15]. Recent reports indicate that, unrelated to antiretroviral therapy, Caesarian section performed before labor starts and membrane rupture reduces the risk of transmission by 50% compared to natural delivery and emergency Caesarian section[@B16],[@B17].

Among the various theories about how antiretroviral therapy decreases perinatal transmission, the most important theory is that if the drugs are administered during pregnancy, they decrease the viral load in mother\'s blood and vaginal discharge, which decreases transmission to the newborn[@B18]. However, perinatal transmission has been reported even in cases with a very low or undetectable HIV viral load; this suggests there are other factors besides HIV RNA[@B2],[@B19]. Accordingly, the US Centers for Disease Control recommends antiretroviral therapy for all HIV-positive pregnant women regardless of HIV viral load[@B20]. In this study, all mothers except one had low HIV RNA viral loads (i.e., \<1,000 copies/mL) close to delivery. Besides 2 babies for whom follow-up was not possible, all babies tested negative for HIV. The transmission rate could have been low because of the decrease in viral load due to treatment in cases in which the viral load was initially high during the first hospital visit or initially low when visiting the hospital close to delivery. Only one mother had a high viral load (2,320 copies/mL) and began antiretroviral therapy after 28 weeks. In this case, emergency Caesarian section was performed because of membrane rupture; therefore, antiretroviral treatment lasted only 1 month, viral load was not measured immediately before delivery, and intravenous zidovudine was not administered. However, the newborn tested negative for HIV. This lowering of transmission risk can be attributed to the performance of emergency Caesarian section within 3 hours of membrane rupture, administration of zidovudine syrup to the newborn for 6 weeks, and absence of breastfeeding. Therefore, even if the mother tested positive for HIV, and the viral load is unregulated, other preventive methods can prevent mother-to-child transmission.

Another theory about why antiretroviral therapy in mothers decreases the risk of infection in newborns is that antiretroviral drugs administered to the mother pass through the placenta to the fetus, which is exposed to HIV, providing the fetus a certain amount of the drugs (i.e., pre-exposure prophylaxis). Many studies report that zidovudine in particular passes through the placenta and prevents the virus from proliferating in the fetal blood, thereby decreasing mother-to-child transmission[@B21],[@B22]. Accordingly, NRTIs that cross the placental barrier are mandatory. According to the American guidelines, starting antiretroviral is more beneficial therapy when the CD4+ count is \<350 cells/µL or 350-500 cells/µL than not starting it at all. If the count is \>500 cells/µL, it is difficult to observe the clinical benefits of antiretroviral therapy and the adverse effects due to the toxicity of the drugs are more concerning; therefore, the treatment of pregnant women is not recommended.

However, recent studies report that administering combined antiretroviral drugs in pregnant women can lead to unfavorable outcomes in pregnancy. The European Collaborative Study and the Swiss Mother + Child HIV Cohort Study compared the rate of preterm labor between women who received antiretroviral drugs and those who did not, and corrected for CD4+ lymphocyte count and the use of illegal drugs; the results show that newborns subjected to combined antiretroviral drugs were twice as likely to be preterm[@B23]. Preterm delivery was twice as likely to occur in women who received combined antiretroviral drugs before pregnancy than women administered drugs in the third trimester of pregnancy. Single medication (mainly zidovudine) is reported to have no impact on preterm labor[@B24]. In a European collaborative study of 2,279 mothers and their newborn children, 767 mothers received combined antiretroviral drugs during their pregnancy; the risk of preterm birth before 34 weeks was 2.5 times higher in the group that received treatment during pregnancy than the group that did not and 4.4 higher in the group of women who received antiretroviral drugs both before and during pregnancy[@B24]. In contrast, the results of a study about transmission from mothers to infants show that receiving multiple antiretroviral drugs does not affect preterm labor, low birth weight, low Apgar score, or mortality ratio compared to receiving a single drug or not receiving any treatment[@B25]. Another study shows that receiving combined therapy including PI significantly increases the risk of preterm labor compared to receiving treatment that does not include PI. However, receiving treatment from the first trimester of pregnancy may be linked to disease severity, making it difficult to completely exclude this possibility[@B26].

Two out of the 9 newborns in this study were preterm. The mother of the baby who received oxygen treatment because of respiratory distress syndrome was diagnosed late and only received the drugs for 1 month. In one case, a mother received drugs from the 19 weeks of pregnancy and had preterm labor with her first child, and subsequently received drugs from before the pregnancy and her second baby was born full-term. No follow-up was possible for the children of 2 mothers who received single-drug treatments, and their infection status was not confirmed. The mother who switched from combined drug treatment to single-drug treatment at 25 weeks had a baby who was small for gestational age and had growth impairment.

Taken together, these findings indicate the increased risk of preterm labor when administering multiple drugs needs to be acknowledged. However, if there is a high risk of mother-to-child transmission, there is no need to stop medication because of the possibility of preterm labor. On the contrary, the mother\'s immunity, as well as higher mortality and morbidity caused by infection in newborns, need to be considered. It is rather difficult to diagnose babies born from mothers who have HIV on the basis of the presence of immunoglobulin G antibody against HIV, which crosses the placental barrier. Although most babies born from infected mothers have HIV antibodies when they are born, only 15%-30% becomes infected. In babies who do not become infected, these antibodies disappear by 9 months; in some rare cases, they remain until 18 months. Accordingly, it is impossible to determine whether a baby is infected on the basis of HIV antibody tests until the baby is 18 months of age. The most accurate method is to test not for antibodies, but for the virus itself[@B4].

PCR and virus culture tests are accurate, and it is possible to diagnose 30%-50% of infected children at birth and 100% by 3-6 months[@B27]. In order to determine whether a child born from an HIV-positive mother is infected, PCR and virus culture tests need to be performed at birth, 4-6 weeks, 3 months, and 6 months. If the result of the test performed at approximately 1 month is negative, the repeat test is performed from 3-6 months[@B20]. However, if the baby exhibits AIDS symptoms, HIV infection can be diagnosed even if the test results are negative. If the virus test performed at 6 months is negative, HIV antibodies tests are negative after 6 months, and there are no symptoms of HIV infection, it can be concluded that the baby did not contract HIV. Besides 2 patients for whom follow-up was not possible, all HIV PCR tests before 6 months and HIV antigen tests were negative; consequently, all 7 children were not diagnosed with HIV.

Infants infected via mother-to-child transmission initially present with nonspecific symptoms[@B28]. Accordingly, children must be observed continuously until HIV infection is proven negative through examination and virus tests during follow-up. In this study, antiretroviral drugs were administered before birth, during delivery, and to children after birth as suggested by the PACTG protocol 076 (1994). The 30%-50% HIV transmission rate during delivery was reduced by performing Caesarian section. Finally, the 40% rate of transmission via the breast milk was established by discouraging breastfeeding. The possibility of transmission via all possible routes was decreased. Consequently, it was possible to decrease the transmission rate of HIV from mother to child. In addition, the influences of the mother\'s infection status, accompanying diseases, type of antiretroviral drug, and drug administration period on the decrease in transmission rate as well as on the newborn were analyzed. No mothers in the present study were Korean, 7 were diagnosed with HIV before delivery, and 2 were already aware of their HIV infection status but were not managing the disease properly. Meanwhile, 5 mothers had foreign citizenship and were temporarily residing in Korea; they did not receive prenatal care and were diagnosed with HIV when they underwent prenatal tests in the third trimester of pregnancy for the first time. Accordingly, the biggest problem of perinatal infection is that many mothers do not know their HIV status and/or the exact degree of infection. If fertile women are tested in their first trimester, prompt treatment is possible; this not only benefits the health of the mother, but also decreases the risk of infection to their baby. In addition, the recent increases in the number of foreign workers and international marriages in Korea have increased the number of foreign residents to over 300,000; more than 50 HIV new cases are confirmed annually[@B9],[@B29].

The number of infected foreigners is continuing to increase, with 64 and 71 new cases in 2010 and 2011, respectively; a total of 958 people were infected with HIV by the end of 2011. Among all patients, 29.1% are women and 70.9% are men. Meanwhile, among Korean patients, 8% are women and 92% are men. Therefore, foreign women have an exceptionally higher infection rate than Korean women[@B29]. This may increase the probability of giving birth to a child infected with HIV via mother-to-child transmission. Furthermore, if counseling and screening for HIV infection prior to delivery and prevention using appropriate antiretroviral drugs are not performed, the number of children infected with HIV is expected to increase gradually.

The present study used the data of HIV-positive mothers who were foreign workers or foreign women married to Korean men and their children to confirm that antiretroviral preventive therapy, scheduled Caesarian section, and avoiding breastfeeding considerably lower the risk of their children contracting HIV via mother-to-child transmission. A limitation of this study is that it did not include a substantial amount of data on infected mothers, because there are not many people who suffer from the disease in Korea. Furthermore, the study did not confirm significant associations between many variables. However, considering the number of babies infected with HIV via mother-to-child transmission may gradually increase, similar studies in more varied regions using more varied variables should be conducted continuously.
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Characteristics of the mothers infected with human immunodeficiency virus (HIV)
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Dx GA, gestational age at the time of diagnosis; GA, gestational age; Entry GA, gestational age at the time of entry in hospital; Med start GA, gestational age at the time of starting antiretroviral medication; Delivery GA, gestational age at the time of delivery; ANC, antenatal care; Prev delivery Hx, previous delivery history; Primi, primigravida; Prev preg, previous pregnancy before present pregnancy; Prev op, previous operation before present pregnancy; IVI, intravaginal insemination.
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Human immunodeficiency virus medication and other infections
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HAART PO, oral medication of highly active antiretroviral therapy; MED, medication; IV, intravenous; Z, zidovudine; L, lamivudine; pi, protease inhibitor
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HIV RNA PCR and CD4+ count in the mothers infected with HIV according to gestational age (GA)
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HIV RNA PCR, human immunodeficiency virus ribonucleic acid polymerase chain reaction.

^\*^RNA PCR and CD4+ count at the time of mother\'s entry before present pregnancy.
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Characteristics of the neonates exposed to their mothers infected with human immunodeficiency virus (HIV)
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GA, gestational age; F/U, follow-up; VSD, ventricular septal defect; LBW, low birth weight; RDS, respiratory distress syndrome
